ABSTRACT : Korea is one of the few OECD countries having no binding Greenhouse gas (GHG) emissions reduction obligations under the Kyoto Protocol. Korea is going to enforce a powerful greenhouse gas emissions control to the industry from 2015. Current GHG reduction policies do not take into account the trade-off between economic growth and GHG mitigation, this approach will not be sustainable. Sectoral approach, considering industry by industry may be more eco-friend approach. This study verified the validity of the analysis results counted from whole procedure of energy input-output analysis and decomposition analysis to sector 'Organic basic chemical products' and 'Cement and concrete products'. Empirical test was performed using changes in energy consumption, production, process improvements and new facilities. Although the results showed unstable fluctuations from Divisia index decomposition analysis, it was verified that the entire procedure can provide a clue in understanding of the industry's energy and GHG footprint.
compound annual growth rate (CAGR), the consumption of high carbon containing coal and petroleum decreased from 39.1% and 45.6% in 1985 to 28.2% and 37.5% in 2009 of the total primary energy consumption. In contrast, low carbon containing gas and renewable energies, except for hydro power, increased from 2.6% and 3.6% in 1985 to 18.5 % and 2.3% in 2009, as shown in Table 1 . Korea's Greenhouse gas (GHG) emissions, including final demand, amounted to a CAGR of 4.0% in the energy sector during 1990 (KEEI 2012a . Over this period, the GHG emissions from the energy industry and transport industry increased by 8.5%
and 4.6% per annum, respectively. However, the rate of GHG emissions felled down for the energy industry (5.9%), manufacturing and construction industries (0.9%), and transport industry (1.8%) from 2000 until 2009 compared to the entire period (as shown
• 58 • in Figure 1 , ROK 2012).
<Figure 1> GHG emissions in Korea (Mt-CO2)
Remarks) Official GHG emission data is available from 1990 in Korea.
Surprisingly, since 1975, Korea's energy intensity has not been improved.
Improvement rate in terms of the CAGR was the highest at -1.7% and -1.8%, respectively in Germany and the United States. GHG intensity of Korea has recorded a decrease of -0.7% in CAGR compared to this. This is due to the introduction of low-carbon power sources such as nuclear power plants. During the same period, Germany, USA, France has recorded a decrease of -2.5% and -1.9% and -1.6%
respectively as shown in Figure 2 (IEA 2013).
Can Index Decomposition Analysis Give a Clue in Understanding Industry's Greenhouse Gas Footprint?
• 59 • <Figure 2> Comparison in selected OECD countries on energy and environment intensities
Issues on energy and GHG policy in Korea
Korea ranks in the top 10 countries for its GHG emissions from energy use. What is more important is the fact that the increased rate of Korea's GHG emissions has reached the highest in the world since 1990, when global GHGs mitigation efforts were in stage.
Over 80% of the GHG emissions in Korea have come from the energy sector. Then the policy for the energy sector is very important among Korea's policies for global climate change. Although Korea does not have any binding targets under the Kyoto Protocol, the country nevertheless declared a voluntary mitigation target in November, 2009.
However, for the non-Annex I countries like Korea under the Kyoto Protocol, it is more important to have the capability to analyze the emission characteristics in each industrial sector rather than to engage in declarations pertaining to a reduction in total emissions, because it will lead to a better position to prevent a loss of economic competitiveness in the post-Kyoto era.
• 60 • Without proper understanding and knowledge about the interactions among economy, energy, and environment, any energy policy for coping with climate change may fall into less efficient implementation.
As a first step in establishing an efficient policy in energy conservation, mitigating GHG emissions and understanding the changes, it is important to understand the interrelations among economic activities, energy use, and GHG emissions in Korea.
Then a fundamental model describing the situation of national energy use and GHG emissions on sectoral basis should be prepared with harmonizing national statistics and model estimation. Energy input-output (E-IO) and factor analysis play an important role in the estimation for an energy and climate change policy.
They can provide a quantitative analysis foundation for a "Sectoral Approach", the important issue that emerged during the post-Kyoto negotiations and that increased in importance with the adoption of the Bali Road Map in 2008. And it is easy to minimize the time gap of economic data collecting and preparing policy plan through E-IO analysis which can generate useful information with sequential and consistent analysis, including economic activities, energy use, GHG emission and the verification of causes.
Statement of purpose
The purpose of this study is to verify and validity of the quantitative results come from whole span from E-IO analysis to factor analysis. This process is necessary for the application of IO analysis that has been already proved useful in economics in energy and environmental analysis. The reason is because there is a tendency for the reduction of GHG policy will often result in a decrease in GDP as a tradeoff. The verification was applied to 2 specific sectors which have shown opposite changing pattern. These procedures will help to relieve some of the conflicting concepts of GDP and a reduction of GHG emissions reductions in developing countries. It is because that establishment of Can Index Decomposition Analysis Give a Clue in Understanding Industry's Greenhouse Gas Footprint?
• 61 • a sectoral approach to policy based on the understanding of the characteristics of each sector is available with these procedures.
In this study, we chose to analyze 'Organic basic chemical products' sector and 'Cement and concrete products' sector. Empirical analysis has been conducted for social-and technical effect. Thus, the analysis suggests that through the E-IO and the Index Decomposition Analysis (IDA), it will be the clue to solve the energy consumption and GHG emissions footprint of the industry.
The overall concept of this study is to establish a model that determines the relationship between economic activity, energy use, and the emission of GHG in Korea.
Endogenous variables are generated for energy use over time and changes in GHG emission patterns, followed by an analysis of influencing factors. Socio-technical impacts on industry are analyzed. This will provide an intellectual framework for future studies in predicting changes in energy use and GHG emissions according to economic activity.
For this purpose, the E-IO approach is adopted because the approach can offer an insight on relationship between economy, energy and GHG. E-IO tables are constructed using the hybrid approach. Policies on energy and climate change affect many aspects and alter the structure of economies. This requires holistic approach in studying the policies. IDA provides a tool in the approach utilizing IO tables. To identify influencing effects, IDA is performed for the GHG emissions derived from time-series E-IO tables.
In this study, the analysis limited to only direct energy consumption and GHG emissions that can be verified in the real economy.
II. Literature review
There are numerous cases around the world that use an energy and/or environmental analysis with an IO approach. (Table 3 ).
• E-IO concept behind this study is widespread and is composed of well-organized form by Blair (1985 and ). 1) We will have a brief introduction in this study.
1) The detailed process, please refer to the previous studies ).
Hereafter the computation procedure is summarized.
The input coefficient matrix consists of four sub-matrices of heterogeneous characteristics. In the E-IO tables, matrix A* can be easily calculated, as shown in Eq. (1) .
Here, Z  is a new transaction matrix because k energy sectors in a conventional input-output table has changed row-wise from monetary price to TOE. X  represents a total output vector that is mixed with monetary units and energy units according to sectors as well. The hat (^) that is shown here represents that the elements of a vector is changed into a diagonal matrix.
The superscript (*) on the matrix implies that the energy sectors consist of an energy unit and the non-energy sectors consist of a monetary unit.
Direct energy intensity (EI  ) and GHG emissions intensity (GI  ) can be found using Eq. (2) and Eq. (3), respectively.
F  is an artificial vector that remains energy rows in a matrix. A  matrix represent an input or technical coefficients matrix, such as the conventional IO. Here, both F and X are vectors and each are defined as the total energy consumption for an economy (non-energy sectors consist of 0) and the total output (non-energy sectors consist of money and energy sectors consist of amount of consumption), respectively.
EI  and G I  are matrices of the k×n that designate the GHG emissions intensity caused by direct energy use and total energy use, respectively.
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Results of E-IO analysis

IV. Decomposition analysis
In this study, IDA is used to analyze time-series changes of GHG emissions from individual sectors. IDA is considered to be suitable for analyzing time-series changes.
Brief process of IDA
The aggregate GHG emission due to the use of energy type i from the predetermined 90 industrial sectors j can be expressed as follows:
The ratio of the aggregate GHG emission of year t to that of year t-1 is termed the aggregate energy intensity index. And it can be expressed in the multiplicative form as
Whan-Sam Chung and Susumu Tohno
• 70 • Eq. (4).
where
Eq. (5) is obtained with a simple ratio of   without a complex operation; the structural factor of Eq. (6) denotes the energy use structure in the society, implying a social effect. The emissions factor of Eq. (7) shows the GHG emissions intensity, which depends on the specific technologies relevant to energy use in sector  , implying a technical effect.
To fulfill the basic property of the weight functions, the applied weight      , as suggested in Ang and Choi (1997) in Eqs. (5), (6), and (7), is as follows:
Results of IDA
The decomposition results with respect to 4 analysis periods are depicted in Figure   4 • 72 •
<Figure 4> Decomposition stacks of 4 analysis periods
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V. Empirical analysis for specific sectors
Acceptability of an E-IO analysis up to 2005 was evaluated with backward comparison. Two sectors were chosen specifically in terms of specificity of the distribution pattern based on energy intensity and GHG emissions intensity for 90 sectors,. And the significance of industrial policies will be evaluated by utilizing only the direct analysis results of energy use and GHG emissions also. A structural analysis of social-and technical-impacts on the significant sectors is attempted for the empirical analysis of industry.
Selection of distinct sector
In an effort to analyze the results of energy consumption and GHG emissions, as well • 74 • Table 6 shows estimators generated from the E-IO analysis were compared with actual data (KEEI 2012a) during the analysis period for validation of E-IO analysis. Energy consumption of the Sector-26 in KEEI was based on sample survey, not complete survey data. Therefore, the data does not indicate the overall energy consumption of the sector. Thus the data KEEI 2012c in Table 5 was partly extrapolated on the assumption that data is proportional to the amount of cement production. Our estimate was found to acceptable with national data. The reason of the estimation errors of two sectors is due to the difference in the aggregated sectors in general. IDA results shown in Figure 6 are difficult to analyze statistical trends. This is why lack number of observations to obtain a statistical significance and unstable estimate
• 76 • results along the time series analysis. IDA results will be analyzed empirically through the investigation of the circumstance changes of 2 specific industries in the next section.
Empirical analysis of two specific sectors
Comprehensive analysis of sector-18
Sector-18 (Organic basic chemical products) is an energy-intensive industry in a highly competitive global economy. This industry uses the most energy to extract the intermediate goods such as ethylene, propylene and benzene from the raw materials such as naphtha. In addition, more energy is consumed in processing of intermediate goods,
production of ammonia used as fertilizer, and production of caustic soda for synthetic detergent. On average, the share of energy in total production costs is about 9%. For some petrochemicals, it rises up to 75%. Therefore, the chemical industry has already invested in energy efficiency improvement over many decades. GHG emissions from sector-18 have been increasing due to the growth in demand for industrial gas, required for heavy electrical equipment and semiconductor production.
Because the proportion of GHG emissions from this sector is more than 6% of the national total emissions in Korea, the national GHG reduction policy must include this sector (KIET 2008). The raw material of the petrochemical industry is naphtha, which has high carbon content. After oxygen combines with carbon, GHGs are emitted in this process. Unlike other industries, the petrochemical industries' overall GHG emissions in
• 77 • manufacturing process accounts for more than 10% of whole GHG inventory in sector-18.
Under the circumstances of the Korea statistical account, if oil refinery industry added to the petrochemical industry, proportion of sector-18 will be more than 5% of energy use in Korea. The energy efficiency of Korean sector-18 has been recorded the world's highest in a part of the whole process. However, the cost proportion of naphtha is 60% and of energy is more than 10% to the whole cost in Korea. Thus, competitive factors in this industry will depend on the energy efficiency.
As shown in Figure 6 , over time the distribution pattern of sector-18 shows a trend upward to the right. Deteriorating pattern of this sector can be explained in real economy in terms of the following two aspects: social and technical.
Among the steep growth of the IT industry, such as semiconductors, total energy consumption was increased. In the social aspect, sector-18's proportion of energy consumption in the national total is maintained at 1%. This implies energy-saving efforts were not made.
In the total effect, annual average growth rate of final energy consumption was 6.7%
during the analysis period. Especially the rates of Gas and Naphtha were 15.6% and This is a pattern that matches the changing social effect.
In the technical effect, 6 new companies entered the market due to deregulations in the early 1990s. The new companies, having a similar pattern of energy use, GHG emissions have increased rapidly. These efforts, which mean that the profile can lead to an increase in GHG emissions directly in the event of the entry of new comer of this industry or delay improvement of energy efficiency. Change in the structure of energy consumption is needed in this industry. This means that the conversion effort is required to lower carbon containing energy sources.
In addition, the development of high value-added products in the industry is an important factor too. This is because the common denominator of energy intensity and GHG emissions intensity is the volume of added value, which means that if further reduction of energy use and/or GHG emissions is difficult, higher value-added products should be developed. As an example, while Korea ranks fourth in the world in the scale of production of the total amount of universal resin in polymeric materials, the technology level in polymer materials for cutting-edge industries remained at 45% level compared to the United States, and at 60% to the Europe and Japan.
Comprehensive analysis of sector-26
Sector-26 (Cement and concrete products) is considered to be one of the most important building materials around the world. It is mainly used for the production of concrete. Concrete is a mixture of inert mineral aggregates, e.g. sand, gravel, crushed stones, and cement. Cement consumption and production is closely related to construction activity, and therefore to general economic activity. Cement is one of the most produced materials around the world.
Three production steps are distinguished in the description of the production of cement: preparing raw materials: mixing/homogenizing, grinding and preheating
• 79 • (drying) produces the raw meal; burning raw meal to form cement clinker in the kiln: the components of the raw meal react at high temperatures (900 -1500°C) in the pre-calciner and in the rotary kiln, to give cement clinker; finish grinding of clinker and mixing with additives: after cooling the clinker is ground together with additives.
Cement production is a highly energy intensive sector. It is well known that the energy consumption of the cement industry is estimated to be about 2% of global primary energy consumption, or almost 5% of the total global industrial energy consumption.
Due to the dominant use of carbon intensive fuels, e.g. coal, in clinker making, the cement industry is also a major emitter of GHG emissions. Besides energy consumption, the clinker making process also emits GHG due to the calcining process. The cement industry contributes 5% of total global CO 2 emissions.
The major source of its CO 2 emission is the chemical reaction in the production process. However, this study focuses on the CO 2 emissions associated with energy use of the cement industry. The main energy sources in the cement manufacturing process are B-C oil, coal, electricity and alternative energy (alternative fuel and raw materials).
Among them, heavy oil and bituminous coal are used in direct heating (primarily kiln fuel), and electricity is used for a power supply for crushing and mixing. Other sources are used for the heating, lighting, etc. but the quantity is negligible.
The GHG emissions in cement manufacturing come directly from the combustion of fossil fuels and from calcining the limestone in the raw mix. An indirect and significantly smaller source of GHG emissions is from consumption of electricity, assuming that the electricity is generated from fossil fuels. Roughly half of the emitted GHG originates from the fuel and half originates from the conversion of the raw material.
This sector changed production facilities from wet to dry process in order to improve energy efficiency. This process substitution can reduce energy consumption up to 50%.
Energy costs account for 20-40% of the cement production cost. Energy consumption required to produce one ton of clinker, is 5.9 ~ 6.7GJ for wet process and only 2.9 ~ 4.6GJ for dry process.
As shown in Figure 6 , over time the distribution pattern of sector-26 shows a trend downward to the left. Deteriorating pattern of this sector can be explained in real economy in terms of the following two aspects: social and technical.
during the analysis period. Especially the rate of N fuel and electricity were 17.6% and were faced with limitations. Sweeping relaxation of the regulation on waste usage can be a breakthrough of the limitations of these improvements. Currently, the use of waste fuels is highly regulated in Korea. Thus, the proportion of the waste fuel at cement sector has remained at 2.5% since the 1990s. This is significantly lower than the levels of German (38%), France (33%) and Japan (16%) (Park S.B. 2009). Deregulation will lead to the increase in utilization of waste fuel instead of coal, and it is expected to have additional reduction of GHG emissions from cement sector.
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VI. Conclusion: political recommendations
This holistic approach is useful in understanding of industry's energy and GHG footprint.
In order to move in the direction of the origin the average values of both intensities in energy consumption and GHG emissions, following efforts are required to improve the aforementioned two sectors cited as examples:
One is the reduction of energy consumption through energy conservation and efficiency improvement of sector-18. Even domestic petrochemical production companies produce the same products, there are large differences in energy intensity of each company. The intensity of a company was 70% higher than that of the most efficient company in ethylene production while another company showed 150% higher intensity than the most efficient company in benzene production. Even they have different operating conditions, it is evident that the process improvement for energy reduction is urgent. NCC (Naphtha Cracking Center) is evaluated to be the most energy consuming process. Therefore, the most effective process for the reduction of GHG emissions would be the NCC process.
The other is that high-value added products should be sought. That exploitation should cover efforts to convert low-price raw materials into high-value added products, as well as to create of higher-value added products.
The temporal plot of energy and GHG emission intensities makes it easier to find out improvement opportunities where a large effect can be expected with less effort. As shown in Figure 6 , a huge improvement in the cement industry occurred between 1985 and 1995. After that it is difficult to find significant improvements through 2005. This means that technological innovation is needed to overcome the limits of gradual improvement in the cement industry from now on. Emissions of GHG can be reduced by the efforts such as: improvement of the energy efficiency of the process; shift to a more energy efficient process (e.g. from (semi) wet to (semi) dry process); replacement of
• 82 • high carbon fuels by low carbon fuels; application of the lower clinker/cement ratio (increasing the ratio of additives to cement), that is, blended cements; application of alternative cements (mineral polymers); removal of GHG from the flue gases.
In an industry-specific analysis like this, the limit of IDA analysis should be recognized. In IDA analysis, a slight change in data could excessively influence the result of decomposition analysis, resulting in an unstable tendency. Therefore, it is necessary to study the ways to stabilize this unstable tendency, such as the selection of weighted value.
These results can then be the basis as an atlas map to support sectoral policy in Korea.
For example, energy savings in a sector having greater D soc have to emphasized, while a sector having greater D tech shall be encouraged the transition to a clean process using less carbon containing energy National target on energy and GHG reduction can be achieved effectively and efficiently with sectoral approach. Therefore, it is necessary to introduce this method as soon as possible to national policy.
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